Summary
shock (Homer, Aguilardelfin, Telford, Krause, & Persing, 2000; Zintl et al., 2003) . So far, there are at least 16 distinct species of Babesia recorded in domestic animals in the world (Uilenberg, 1995) , while 13 validated Babesia species (B. bigemina, B. bovis, B. major, B. motasi, B. ovis, B. divergens, B. microti, B. equi, B. perroncitoi, B. trautmanni, B. orientalis, B. ovata and B. caballi) have been reported in China (Li et al., 2013; Yin, Lu, & Luo, 1997) . To date, 18 Theileria spp., including T. lestoquardi, T. luwenshuni, T. uilenbergi, T. ovis, T. recomdita, T. separata, T. annulata, T. parva, T. mutans, T. taurotragi, T. velifera, T. annae, T. equi, T. sergenti, T. sinensis, T. cervi, T. orien- talis and T. hirci, have been recognized; (Ahmed et al., 2006; Friedhoff, 1997; Gebrekidan et al.,2016; Gubbels et al., 1999; Liu et al., 2013; Lu, Tang, Zhao, & Zheng, 1990; Mir o et al., 2015; Peckle et al.,2013; Schnittger et al., 2003; Yin, Schnittger, Luo, Seitzer, & Ahmed, 2007) . Of which, only T. uilenbergi, T. luwenshuni and T. ovis have been reported in China (Li et al., 2009 (Li et al., , 2010 Yin et al., 2007) .
The genus Anaplasma (Rickettsiales: Anaplasmataceae) mainly includes A. marginale, A. phagocytophilum, A. bovis, A. centrale, A. caudatum, A. ovis and A. platys. A. ovis is an intraerythrocytic rickettsial pathogen, causing fever, progressive anaemia, icterus, weight loss, milk yield decrease, and sometimes death of sheep, goats and some wild ruminants (De la Fuente et al., 2007; Krier & Ristic, 1963; Splitter, Anthony, & Twiehaus, 1956; Yasini et al., 2011; Zaugg, Goff, Foreyt, & Hunter, 1996) .
In the present study, we conducted a systematically molecular detection of Babesia spp., Theileria spp. and A. ovis in ticks sampled from the border regions of XUAR. To the best of our knowledge, this is the first report investigating Babesia spp., Theileria spp. and A. ovis in ticks along the border regions of XUAR.
| ME TH ODS

| Tick sampling and morphological identification
In 2016, between late April and mid-May, when the peak activities of adult ticks occurred in XUAR, the parasitic ticks and free-living ticks were collected in 11 border counties including Qinghe (QH), Habahe County borders with the countries Russia and Kazakhstan.
Yecheng County and Artux City, respectively, neighbour Pakistan and Kyrgyzstan. The free-living ticks were collected by the flagging method and artificial trapping method (Tsunoda, Kasuga, & Amano, 2004; Zhang et al., 2016) . The parasitic ticks were sampled over the entire body of each domestic animal at different intervals (Wang et al., 2015) including ears, neck, thorax, armpits, abdomen, interfeminium, crissum and so on (Zhang et al., 2016) . Ticks were collected with forceps and stored in 70% ethanol (Zhang et al., 2016) . The information regarding all of the collected specimens, including their location, hosts, number of ticks collected from the body of each animal and the date of collection, were strictly recorded. The collected ticks were put into breathable tubes, immediately transported to our laboratories, and the level of species was identified by morphology according to Walker et al. (2003) , Estrada-Pena, Bouattour, Camicas, and Walker (2004) and Dantas-Torres et al. (2013) .
| DNA extraction and molecular identification
After detailed morphological analysis, the 70 representative tick specimens, with 5-10 ticks for each tick species at every sampling county or city, were used to confirm tick species. Ticks used to extract DNA were rinsed with 70% ethanol in the constant temperature culture oscillator for an hour, and then sterilized distilled water repeatedly washed three times to eliminate contamination of tick faeces and other materials (Sang et al., 2006) . The genomic DNA was extracted from each individual tick using the TIANamp Genomic DNA Kit (TIANGEN, Beijing, China), following the manufacturer's instructions. The DNA quantity and purity were assessed on a NanoDrop 2000 spectrophotometer analyzer (Thermo Fisher Scientific, USA) using a representative number of randomly selected samples.
The concentration of DNA at least 50 ng/ll can be used to detect pathogens. The 70 representative ticks underwent molecular analysis based on partial mitochondrial (16S rDNA) gene sequences (Black & Piesman, 1994) . Amplicons were visualized by electrophoresis in a 1.5% agarose gel (1 9 TAE, pH 8.0) stained with Goldview Nucleic Acid Gel Stain (Equitech-Bio, Shanghai,China) and we usually used 2 ll PCR products for electrophoresis. The amplified products were cloned into the pGEM-T Easy vector (TransGen Biotech, Beijing, China), according to the instructions, and then sequenced.
| Detection of Babesia spp., Theileria spp. and
A. ovis agents and sequence analysis
Based on two fragments of 18S rRNA gene, Babesia and Theileria were molecularly detected in ticks using two pairs of primers, including BJ1/BN2 (Farkas et al., 2015) and PIRO-A/B (Sun, Liu, Yang, Xu, & Yu, 2007) . The molecular detection of Anaplasma genus and A. ovis in ticks were performed using genus-specific primers (Wen, Jian, Zhang, & Chen, 2002) Babesia occultans was firstly described in South Africa and Nigeria and followed by in Europe (e.g. Romania), Africa (e.g. Tunisia; Gray & De Vos, 1981; Dipeolu & Amoo, 1984; Ionita, Mitrea, Pfister, Hamel, & Silaghi, 2013 Babesia caballi is endemic in many parts of Europe, Africa and Asia and the genera Dermacentor, Hyalomma and Rhipicephalus have been identified as its vectors (Bashiruddin, Camm a, & Rebêlo, 1999) .
| RESULTS
In 1990, B. caballi, isolated from a horse that originated from Namibia (Southwestern Africa), was proved to be transovarially transmitted by Hyalomma truncatum (De Waal, 1990) . In the present study, B. caballi was first detected in Hy. asiaticum in Alataw Port, which adjoins Kazakhstan. Babesia sp. is sporadically distributed in parts of Europe and Africa and was reported by collecting blood from farmed red deer and giraffe respectively (Jouglin et al., 2014; Oosthuizen, Allsopp, Troskie, Collins, & Penzhorn, 2009 ). In 2007, Babesia sp. isolate was obtained from Rh. sanguineus and Hyalomma anatolicum anatolicum in China . In the present study, Babesia sp. was first reported in Hy. asiaticum, and was claded with Babesia sp. from Spain (GenBank No. KC249945) and China (GenBank No.
HQ730762, JX495405 and DQ159073). These findings extend the potential vector spectrum for B. caballi and Babesia sp.
Theileria ovis and Theileria sp., causing theileriosis in ruminants (e.g. sheep and goats), lead to economic losses in the endemic regions (Zhou et al., 2016) . Theileria ovis was found in sheep, goats, cattle and wild sheep (Ovis gmelinii anatolica), and its vectors comprise Rh. bursa, Rh. turanicus, Rh. sanguineus, Ha. punctata, Hy. turanicus and Hy. anatolicum anatolicum (Aydin, Aktas, & Dumanli, 2015; Hoghooghi, Hashemi, & Abdigoudarzi, 2013; Li et al., 2011; Orkun, Emir, & Karaer, 2016; Yaghfoori, Razmi, & Heidarpour, 2013) . In this study, we also found T. ovis from Rh. turanicus in Yecheng County, which borders on Pakistan. Theileria sp. was detected in sheep, red deer, roe deer and chamois, and then detected in three tick species including Ha. punctata, Hy. detritum and Rh. sanguineus (Garc ıa-Sanmart ın et al., 2007; Tian et al., 2014) . In the present study, we also detected Theileria sp. in Ha. punctata from Yining County, which adjoins Kazakhstan. In previous work, Ha. punctata and Rh. turanicus were proven to be dominant tick species in the XUAR (Wang et al., 2015; Yu, 1993) . In the future, we should strengthen theileriosis surveillance both in livestock and wildlife, especially in the border regions of China. based on sequence analysis of msp4 gene, and genotype III was predominant in the border regions of northwestern China. Although our F I G U R E 2 Phylogenic analysis of Babesia spp. and Theileria spp. in ticks collected from the border regions of northwestern China. The tree was constructed on the basis of maximum likelihood (ML; bootstrap replicates: 500) analyses of concatenated sequence data for 18S rRNA gene using MEGA5. Sequences of the Babesia and Theileria spp. obtained in this study are shown as (▲) and (•) respectively F I G U R E 3 Phylogenic analysis of Anaplasma ovis in ticks collected from the border regions of northwestern China. The tree was constructed on the basis of maximum likelihood (ML; bootstrap replicates: 500) analyses of concatenated sequence data for msp4 gene using MEGA5. Sequences of the A. ovis obtained in this study are shown as (•) survey revealed a low prevalence of Babesia spp., Theileria spp. and
A. ovis infections in ticks from sheep and cattle in China's northwestern border regions, there was some potential risk for transboundary tick-borne diseases. In the future, the control of piroplasmosis and anaplasmosis originated from international livestock trade and wildlife migration should be strengthened in northwestern China and its adjacent central Asia.
